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Description 

[FLASH MEMORY CELL, FLASH MEMORY 
CELL ARRAY AND MANUFACTURING 
METHOD THEREOF] 

Background of Invention 
[0001] Field of the Invention 

[0002] This invention relates generally to a semiconductor de- 
vice, and more particularly to a flash memory cell array 
and manufacturing method thereof. 

[0003] Background of the Related Art 

[0004] Flash memory is a non-volatile solid state memory that 
maintains data even after all power sources have been 
disconnected. Flash memory has been widely used in per- 
sonal computers and other electronic equipment because 
of its programmable features allowing writing, erasing 
and reading data a number of times. 

[0005] a conventional flash memory cell is a transistor compris- 
ing a control gate, a doped polysilicon floating gate and 



an oxide layer separating these two gates from each 
other. A tunnel oxide layer separates the floating gate and 
the substrate. Because the floating gate is insulated by 
oxide, any negative charge on a floating gate does not 
leak, even if the power is off. 
[0006] jo write/erase the data in the cell, a bias voltage is ap- 
plied to the drain in order to push electrons into the float- 
ing gate or pull electrons out of the floating gate by 
Fowler-Nordhem tunneling. To read the data in the cell, a 
working voltage is applied to the control gate to deter- 
mine whether the channel is on or off. The value of the 
data ("0" or "1") depends on the amounts of electrons 
trapped in the floating gate, which affect the status of the 
channel. 

[0007] During data erase operation, however, it is very difficult to 
control the amount of the electrons flowing out of the 
floating gate and may make the floating gate positively 
charged due to over-pulling the trapped electrons. This 
effect is so call "over-erase". If the over-erase effect is too 
severe, the channel will be always on, even without apply- 
ing the working voltage to the control gate. It causes to 
mis-read the value in the cell. 

[0008] jo prevent the over-erase effect, some flash memory de- 



vices have used split gate design. It has an additional "se- 
lect gate" on the side wall of the control gate and the 
floating gate and uses an oxide layer separating the select 
gate from the control gate, the floating gate, and the sub- 
strate. Hence, even if the over-erase effect occurred, the 
channel below the erase gate would still be off to avoid 
mis-reading the data. However, the size of the split-gate 
flash memory cell becomes larger than that of conven- 
tional flash memory cell because it requires a larger area 
for the split gate structure. This would cause the concern 
in high integration density issue. 
[0009] one may use NAND gate array, instead of NOR gate array, 
for split gate flash memory in order to increase its inte- 
gration density because NAND gate array allows serial 
connection of the memory cells. However, the write/read 
operations are much more complicated for NAND gate ar- 
ray. Furthermore, the current is smaller due to the serial 
connection, which seriously affects the performance of the 

memory cells because of a longer write/erase cycles. 
Summary of Invention 

[0010] An object of the invention is to provide a flash memory 

cell, a flash memory cell array and manufacturing method 
thereof to manufacture flash memory cells suitable for 



NAND gate array structure by using source-side injection 
("SSI") to enhance the programming speed and efficiency 
of the cells. 

[° 01 1 ] It is another object of the invention to provide a flash 

memory cell, a flash memory cell array and manufacturing 
method thereof to increase the area between the control 
gate and the floating gate thereby increasing the gate"s 
coupling rate to enhance the cell"s performance. 

[0012] The present invention provides a flash memory cell, which 
comprises a substrate, a stack gate structure formed on 
the substrate. The stack gate structure includes a select 
gate dielectric layer, a select gate, and a gate cap layer. 
The select gate dielectric layer is formed between the 
substrate and the select gate. The gate cap layer is formed 
on the select gate. A spacer formed is along the sidewall 
of the select gate, a control gate is connected to the stack 
gate structure, wherein the control gate is formed on the 
one side of the stack gate structure. A floating gate 
formed between the control gate and the substrate. The 
floating gate includes a recess, a inter-gate dielectric 
layer formed between the control gate and the floating 
gate. A tunneling dielectric layer is formed between the 
floating gate and the substrate. A drain region and a 



source region are formed in the substrate, wherein the 
drain region and the source region are formed on the one 
side and the other side of the control gate and the stack 
gate structure respectively. 

[0013] | n the present invention, the floating gate includes a re- 
cess. This increases the contact surface area between the 
control gate and the floating gate to raise the gate cou- 
pling rate of flash memory cells and to reduce the working 
voltage, thereby enhancing flash memory cells" operation 
speed and efficiency. 

[0014] The present invention also provide a flash memory cell ar- 
ray, which comprises a substrate, a plurality of flash 
memory cell structures on the substrate, and a drain re- 
gion and a source region are formed in the substrate, 
wherein the drain region and the source region are 
formed on the one side and the other side of the control 
gates and the stack gate structures respectively. Each of 
the flash memory cell structures includes a stack gate 
structure formed on the substrate. The stack gate struc- 
ture includes a select gate dielectric layer, a select gate 
and a gate cap layer wherein the select gate dielectric 
layer is formed between the substrate and the select gate 
and the gate cap layer is formed on the select gate. A 



spacer is formed along the sidewall of the select gate. A 
control gate is connected to the stack gate structure. The 
control gate is formed on one side of the stack gate struc- 
ture. A floating gate is formed between the control gate 
and the substrate and includes a recess. An inter-gate di- 
electric layer is formed between the control gate and the 
floating gate, wherein the control gate, the inter-gate di- 
electric layer, and the floating gate, constitutes a stack 
structure. A tunneling dielectric layer is formed between 
the floating gate and the substrate. The stack gate struc- 
ture of the plurality of flash memory cell structures are 
positioned juxtaposing alternatively with the stack struc- 
ture. 

[0015] Because there is no gap between each flash memory cell 
structure, and therefore a highly integrated flash memory 
cell array can be realized. Furthermore, the floating gate 
includes a recess. This increases the contact surface area 
between the control gate and the floating gate to raise the 
gate coupling rate of flash memory cells and to reduce the 
working voltage, thereby enhancing flash memory cells" 
operation speed and efficiency. 

[0016] This present invention also provides a method for fabri- 
cating a flash memory cell array. A substrate having a de- 



vice insulating structure is provided. A plurality of stack 
gate structures are formed on the substrate. The stack 
gate structure includes a select gate dielectric layer, a se- 
lect gate, and a cap layer, the select gate dielectric layer 
formed between the substrate and the select gate, the cap 
layer formed on the select gate. A tunnel dielectric layer is 
formed on the substrate. A spacer is formed along the 
sidewall of the select gate. A floating gate is formed be- 
tween each of the stack gate structures, wherein the float- 
ing gate includes a recess, and an top surface of the float- 
ing gate connected to the stack gate structure is between 
a top surface of the cap layer and a top surface of the se- 
lect gate. Next, an inter-gate dielectric layer is formed on 
the floating gate. Next, a control gate is formed to fill the 
gap between each of the stack gate structures. Then the 
plurality of stack gate structures are removed to isolate a 
predetermined area of the flash memory cell array. Next, a 
drain region and a source region are formed in the sub- 
strate, wherein the drain region and the source region are 
positioned on the one side and the other side of the con- 
trol gates and the stack gate structures respectively. 
[0017] | n this present invention, the steps of forming the floating 
gate include forming a first conducting layer on the sub- 



strate; forming a material layer on the first conducting 
layer, wherein the material layer fills the gap between 
each of the stack gate structures; removing a portion of 
the material layer until the top surface of the material 
layer is between the top surface of said cap layer and the 
top surface of the select gate; removing a portion of the 
first conducting layer by using the material layer as a 
mask; removing the material layer; and removing the por- 
tion of the first conducting layer on the device insulating 
structure to form the floating gate. 

[0018] | n this present invention, the step of forming the control 
gate step includes forming a second conducting layer on 
the substrate; and removing a portion of the second con- 
ducting layer, until the top surface of the cap layer is ex- 
posed, to form the control gate. 

[0019] | n the present invention, the floating gate includes a re- 
cess. This increases the area between the control gate and 
the floating gate to raise the gate coupling rate of flash 
memory cells and to reduce the working voltage, thereby 
enhancing flash memory cells" operation speed and effi- 
ciency. 

[0020] Moreover, this present invention fills the gap between the 
stack gate structures with a conducting layer to form the 



control gate. Hence the process of the present invention is 
more simplified compared to the conventional process 
because no photolithography process is involved. 

[0021] Furthermore, the present invention uses the hot carrier 
effect to program each flash memory cell as a unit, and 
uses Fowler-Nordhem tunneling to erase the entire flash 
memory cell array. Hence, the higher efficiency for elec- 
tron injection can reduce the current required for operat- 
ing the flash memory cell and increase the operation 
speed. Furthermore, it also reduces the energy consump- 
tion of the entire array. 

[0022] The present invention also provides a method for fabri- 
cating a flash memory cell array. A substrate having a de- 
vice insulating structure is provided. Next, a plurality of 
stack gate structures are formed on the substrate, 
wherein the stack gate structure including a select gate 
dielectric layer, a select gate, and a cap layer, the select 
gate dielectric layer formed between the substrate and the 
select gate, and wherein the cap layer is formed on the 
select gate. Next, a tunnel dielectric layer is formed on the 
substrate. Next, a spacer is formed along the sidewall of 
the select gate. Next, a floating gate is formed between 
the stack gate structures. An inter-gate dielectric layer is 



formed on the floating gate. A control gate is formed to 
fill at least one gap between the stack gate structures. A 
portion of stack gate structures excluding a predeter- 
mined area of the flash memory cell array are removed. A 
drain region and a source region are formed in the sub- 
strate, wherein the drain region and the source region are 
formed on the one side and the other side of the control 
gates and the stack gate structures respectively. 

[0023] | n this present invention, the step of forming the floating 
gate further comprises forming a first conducting layer on 
the substrate; removing a portion of the first conducting 
layer until the top surface of the first conducting layer is 
between the top surface of the cap layer and the top sur- 
face of the select gate; and removing the portion of the 
first conducting layer on the device insulating structure to 
form the floating gate. 

[0024] | n this present invention, the step of forming the control 
gate further comprises forming a second conducting layer 
on the substrate; and removing a portion of the second 
conducting layer, until the top surface of the cap layer is 
exposed, to form the control gate. 

[0025] Moreover, this present invention fills the gap between the 
stack gate structures with a conducting layer to form the 



control gate. Hence the process of the present invention is 
substantially simplified compared to the conventional 
process because no photolithography is involved. 
[0026] The above is a brief description of some deficiencies in 
the prior art and advantages of the present invention. 
Other features, advantages and embodiments of the in- 
vention will be apparent to those skilled in the art from 
the following description, accompanying drawings and 

appended claims. 
Brief Description of Drawings 

[0027] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0028] FIG. 1A is a top view of a NAND type flash memory cell ar- 
ray of the present invention. 

[0029] FIG. IB is a cross section of a NAND type flash memory 
cell array taken along the line A-A" of FIG. 1A. 

[0030] FIG. 1C is a cross section of a flash memory cell structure 
of the present invention. 

[0031] FIGs. 2A-2F show a progressive process flowchart of a 



NAND type flash memory cell arrayaccording to a pre- 
ferred embodiment of the present invention. 
[0032] FIG. 3 shows a circuit layout of a NAND type flash memory 

cell array of the present invention. 
Detailed Description 

[0033] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0034] FIG. 1A shows a top view of a NAND type flash memory 
cell array of the present invention. FIG. IB show the cross 
section (along A-A" of FIG. 1A) of a NAND type flash 
memory cell array of the present invention. 

[0035] Referring to FIGs. 1A and IB, the flash memory cell struc- 
ture of the present invention comprise a substrate 100; a 
device insulating structure 102, an active region 104; a 
plurality of stack gate structures 106a-106d, wherein 
each of the stack gate structure includes a select gate di- 
electric layer 108, a select gate 110 and a gate cap layer 
112); a spacer 114, a tunneling dielectric layer 116, a plu- 
rality of floating gates 118a-118d, a plurality of control 



gates 120a-120d, a plurality of inter-gate dielectric layers 
122, a drain region 124, and a source region 126. 

[0036] | n a preferred embodiment of the present invention, sub- 
strate 100 is a P-type substrate, and there is a deep N 
well 128 in substrate 100. Device insulating structure 102 
is set in substrate 100 to define the active region 104. 

[0037] a plurality of stack gate structures 106a- 106d is set on 
the substrate 100 and perpendicular to the active region 
104. In a preferred embodiment of the present invention, 
the thickness of stack gate structures 106a-106d is about 
2000-3500A. The material of the select gate dielectric 
layer 108 is comprised of, for example, silicon dioxide 
with a thickness of about 160-170A. The material of the 
select gate 110 comprises, for example, doped polysilicon 
with a thickness of about 600-1000A. The material of the 
gate cap layer 112 comprises, for example, silicon dioxide 
with a thickness of about 1000-1500A. The spacer 114 is 
set along the sidewall of the select gate 110. In a pre- 
ferred embodiment of the present invention, the material 
of spacer 114 comprises, for example, silicon dioxide. 

[0038] a plurality of control gates 120a-120d are set on the sub- 
strate 100 and on the one side of the stack gate struc- 
tures 106a- 106d respectively, and are orthogonal to the 



active region 104. Control gates 120a- 120d are con- 
nected to stack gate structures 106a- 106d respectively, 
i.e., thestack gate structures juxtapose alternatively with 
control gates. In a preferred embodiment of the present 
invention, the material of the control gates 120a-120d 
comprises, for example, doped polysilicon. 

[0039] The floating gates 118a-118d are respectively set above 
the substrate 100 where the control gates 120a~120d 
cross the active region 104. Namely, floating gates 
118a-118d are set between the control gates 120a-120d 
and the active region 104 of the substrate 100. For exam- 
ple, each of the floating gates 118a-118d has a recess 
opening 119, and the upper surfaces of the floating gates 
118a~118d at the the stack gate structures 106a- 106d 
side could be formed between the upper surface of the 
select gate 110 and the upper surface of the cap layer 
112, for example. 

[0040] The tunneling dielectric layer 116 is set between the 

floating gates 118a-118d and the substrate 100. The in- 
ter-gate dielectric layer 122 is set between the control 
gates 120a-120d and the floating gates 118a-118d. In a 
preferred embodiment of the present invention, the mate- 
rial of the tunneling dielectric layer 116 comprises, for 



example, silicon dioxide with a thickness of about 
60-90A. The material of the inter-gate dielectric layer 122 
comprises, for example, silicon, dioxide/silicon nitrite/ 
silicon dioxide with a thickness of about 70/70/60A. The 
material of the inter-gate dielectric layer 122 comprises, 
for example, silicon dioxide/silicon nitrite. 
[0041] | n the active region 104, the flash memory cell array 130 
comprises a plurality of stack gate structures 106a-106d, 
a spacer 114, a tunnel dielectric layer 116, a plurality of 
floating gate 118a-118d, a plurality of control gates 
102a-120d, and an inter-gate dielectric layer 122. A drain 
region 124 in substrate 100 is set on the one side of the 
stack gate structure 106a of the flash memory cell array 
130. A source region 126 in substrate 100 is set on the 
one side of the control gate 120d of the flash memory cell 
array 130. That is, the flash memory cell array 130 com- 
prises a plurality of stacked gate structures including a 
plurality control gates 102a-120d and a plurality of float- 
ing gates 118a-118d, and a plurality of stack gate struc- 
tures 106a- 106d, wherein each of stack gate structures 
106a-106d and each of the stack structures juxtapose al- 
ternatively. The drain region 124 and the source region 
126 are set on each side of the flash memory cell array 



130. 

[0042] | n t he flash memory cell array 130, the stack structures 

(which include control gate 120a-120d and floating gates 
118a-118d) and stack gate structures 106a-106d in the 
active region 104 constitute the flash memory cell struc- 
tures 132a-132d respectively. Because there is no gap 
between the flash memory cell structures 132a-132d, this 
design allows further increase in the integration density of 
the flash memory cell array 130. 

[0043] Furthermore, in a preferred embodiment of the present 
invention, each of floating gates 118a-118d includes a 
recess 119. This recess 119 increases the contact surface 
area between floating gates 118a-118d and control gates 
120a-120d, which raises the gate coupling rate of flash 
memory cells and reduce the working voltage, thereby en- 
hancing flash memory cells" operation speed and effi- 
ciency. 

[0044] The above embodiments illustrate four flash memory cell 
structures as an example to describe the merits of the in- 
vention. One skilled in the art may apply any number of 
flash memory cell structures as needed. 

[0045] FIG. 1C shows the cross section of a single flash memory 
cell structure of the present invention. This single flash 



memory cell structure 132 includes a stack gate struc- 
tures 106, a spacer 114, a tunneling dielectric layer 116, a 
floating gates 118, a control gate 120, an inter-gate di- 
electric layer 122, a drain region 124 set on the one side 
of stack gate structures 106, and a source region 126 set 
on the one side of control gate 120. In a preferred em- 
bodiment of the present invention, floating gate 118 in- 
cludes a recess 119. This recess 119 increases the contact 
surface area between floating gate 118 and control gate 
120, which raises the gate coupling rate of flash memory 
cells and reduce the working voltage, thereby enhancing 
flash memory cell structure'^ operation speed and effi- 
ciency. 

[0046] The following description will illustrate the method of 
fabricating a flash memory cell array. 

[0047] Referring to FIG. 2A, A substrate 200 is provided. The 
substrate 200 is, for example, a P-type substrate. A de- 
vice insulating structure (not shown in the figures) and a 
deep N well 202 are formed in substrate 200. Then a di- 
electric layer 204, a conducting layer 206 and a cap layer 
208 are formed in substrate 200 in sequence. Preferably, 
the material of the dielectric layer 204 comprises, for ex- 
ample, silicon dioxide. For example, the dielectric layer 



204 may be formed by thermal oxidation. Preferably, the 
material of the conducting layer 206 comprises doped 
polysilicon and can be formed by depositing a layer of un- 
doped polysilicon by using a chemical vapor deposition 
(CVD) process and followed by an ion implantation. The 
material of the cap layer 208 is comprised of, for exam- 
ple, a silicon dioxide and can be formed by using a chem- 
ical vapor deposition (CVD) process using tetra ethyl ortho 
silicate (TEOS) and ozone. 
[0048] Referring to FIG. 2B, the cap layer 208, the conducting 
layer 206, and the dielectric layer 204 are patterned to 
form a gate cap layer 208a, a gate conducting layer 206a, 
and a gate dielectric layer 204a, constituting the stacked 
gate structure 210. The gate conducting layer 206a and 
the gate dielectric layer 204a serve as the select layer and 
the select gate dielectric layer of the flash memory cell re- 
spectively. 

[0049] a tunneling dielectric layer 212 is formed on the substrate 
200. Next, a spacer 214 is formed on the sidewall of the 
gate conducting layer 206a. Preferably, the tunneling di- 
electric layer 212 and the spacer 214 are formed by per- 
forming thermal oxidation. 

[0050] Referring to FIG. 2C, another conducting layer 216 is 



formed on the substrate 200 such that the conducting 
layer 216 does not completely fill or partially fill the gap 
between the stacked gate structures 210. Preferably, the 
material of conducting layer 216 comprises doped 
polysilicon and can be formed by depositing an undoped 
polysilicon layer using a chemical vapor deposition pro- 
cess and then performing an ion implantation. 

[0051] a material layer 218 is formed over the conducting layer 
216 to completely fill the gap between the stack gate 
structure 210, such that atop surface of the material layer 
218 is laterally positioned between a top portion of the 
gate cap layer 208a and a top portion of the gate con- 
ducting layer 206a. Preferably, the material of the material 
layer 218 is comprised of a photoresist layer or an anti- 
reflecting coating layer and can be formed by performing 
a spin-coating process and then etching back. 

[0052] Referring to FIG. 2D, a portion of the conducting layer 216 
is removed by using the material layer 218 as a mask, so 
that atop surface of the remaining conducting layer 216 
is laterally positioned between a top portion of the gate 
conducting layer 206a and a top portion of the gate cap 
layer 208a. After removing the material layer 218, a pho- 
tolithography etching process is performed to remove a 



portion of conducting layer 216 positioned above the de- 
vice insulating structure, in order to form a patterned 
conducting layer 216a between the stacked gate struc- 
tures 210. The patterned conducting layer 216a forms the 
floating gate of the flash memory cell. The patterned con- 
ducting layer 216a includes a recess 219 so as to increase 
the contact surface area between itself and the control 
gate that is subsequently formed. Alternatively, the pat- 
terned conducting layer 216a can be formed by perform- 
ing an etching back to remove a portion of conducting 
layer 216 so that a top surface of the conducting layer 
216 is laterally positioned between a top surface of the 
gate conducting layer 206a and a top surface of the gate 
cap layer 208a. A portion of the conducting layer 216 po- 
sitioned above the device insulating structure is removed 
to form the patterned conducting layer 216a. 
[0053] Referring to FIG. 2E, an inter-gate dielectric layer 220 is 
formed over the patterned conducting layer 216a. Prefer- 
ably, the material of the inter-gate dielectric layer 220 
icomprises silicon dioxide/silicon nitride/silicon dioxide, 
and can be formed by performing a thermal oxidation to 
form a silicon dioxide layer and then performing a CVD to 
form a silicon nitride layer and a silicon dioxide layer. 



Then another conducting layer 222 is formed over the 
substrate 200 to completely fill the gap between the stack 
gate structures 210. Preferably, the conducting layer 222 
is formed by forming a conducting material layer over 
substrate 200 and then removing a portion ofconducting 
material layer until a top surface of the gate cap layer 
208a is exposed. The material of the conducting layer 222 
comprises doped polysilicon and can be formed by form- 
ing an undoped polysilicon layer using a chemical vapor 
deposition and then performing an ion implantation. 
[0054] Referring to FIG. 2F, a patterned photoresist layer (not 

shown) is formed over the substrate 200 to cover a prede- 
termined area for forming the flash memory cell array 
224. Then the exposed stacked gate structures or con- 
ducting layers are removed by using the patterned pho- 
toresist layer as a mask. Then the source region 226 and 
the drain region 228 are formed in the substrate 200 lo- 
cated at two sides of the flash memory cell array 224 by 
ion implantation. The drain region 226 is positioned on 
one side of the flash memory cell array 224 with the con- 
ducting layer 222 (control gate). The source region 228 is 
positioned on the other side of the flash memory cell ar- 
ray 224 with the stack gate structure 210 (select gate). 



The rest of the fabrication process of the flash memory 
cell array 224 is well known to those skilled in the art and 
therefore will not be described hereinafter. 

[0055] | n a preferred embodiment of the present invention, the 
floating gate (patterned conducting layer 216a) includes a 
recess. This recess increases the contact surface area be- 
tween the floating gate (patterned conducting layer 216a) 
and the control gate (conducting layer 222), which raises 
the gate coupling rate of flash memory cells and reduce 
the working voltage, thereby enhancing flash memory cell 
structure'^ operation speed and efficiency. 

[0056] Moreover, the gap between the stack gate structures 210 
is filled with a conducting layer to form the control gate 
(conducting layer 222). Hence the fabrication process of 
the present invention is more simplified compared to the 
conventional process because no photolithography pro- 
cess is required. 

[0057] The above embodiments of the present invention illustrate 
the method of fabricating four flash memory cell struc- 
tures as an example however the present invention is not 
restricted to fabrication of four memory cell structures, 
any number of flash memory cell structures may be fabri- 
cated as required using the fabrication process of the 



present invention. 

[0058] FIG. 3 shows a simplified circuit of a NAND type flash 
memory cell array of the present invention. In FIG 3, an 
embodiment of a four flash memory cell array is used to 
demonstrate its operation. 

[0059] Referring to FIG. 3, this flash memory cell array includes 
four flash memory cells Qnl-Qn4 serial connected, select 
gate lines SG1-SG4 connected to the select gates of 
Qnl-Qn4 respectively, and control gate line CG1-CG4 
connected to the control gates of Qnl-Qn4 respectively. 

[0060] Before programming the array, a 4.5V, a 7V, a 11V, and a 
0V are applied to the source region, SG1-SG4, CG1-CG4, 
and the drain region respectively, to turn on the channels 
of Qnl-Qn4. During programming the array, using Qn2 as 
an example, a 4.5V, a 1.5V, a 7V, a 9V, a 11V, and a 0V 
are applied to the source region, the selected select gate 
line SG2, the non-selected select gate lines (SGI, SG3, and 
SG4), the selected control gate line CG2, the non-selected 
control gate lines (CGI, CG3, and CG4), and the substrate 
respectively, to cause source-side injection in order to in- 
ject electrons into the selected flash memory cell Qn2 and 
program it. 

[0061] During reading the data from the array, a 0V, a 4.5V, a 



1.5V, and a 1.5V are applied to the source region, 
SG1-SG4, CG1-CG4, and the drain region (the bit line) re- 
spectively. The value of the cell ("0" of "1") depends on 
whether the floating gate is negatively charged or posi- 
tively charged. If the floating gate is negatively charged, 
the flash memory cell"s channel is off and the current is 
small. On the other hand, if the floating gate is positively 
charged, the flash memory celT's channel is on and the 
current can pass through the channel. 

[0062] During erasing the data in the array, a 0V is applied to 
source region, SG1-SG4, and CG1-CG4 and a 11V is ap- 
plied to the substrate, thereby causing Fowler-Nordhem 
tunneling to push electrons from the floating gates into 
the substrate to erase the flash memory cell array. 

[0063] The present invention uses the hot carrier effect to pro- 
gram each flash memory cell as a unit, and uses Fowler- 
Nordhem tunneling to erase the entire flash memory cell 
array. Hence, the higher efficiency for electron injection 
can reduce the current required for operating the flash 
memory cell and increase the operation speed. Further- 
more, it also reduces the energy consumption of the en- 
tire array. 

[0064] The above description provides a full and complete de- 



scription of the preferred embodiments of the present in- 
vention. Various modifications, alternate construction, and 
equivalent may be made by those skilled in the art without 
changing the scope or spirit of the invention. Accordingly, 
the above description and illustrations should not be con- 
strued as limiting the scope of the invention which is de- 
fined by the following claims. 



